SUMMARY
INTRODUCTION

Plasma membrane Ca
2+
/calmodulin-dependent calcium pumps (PMCAs, also known as plasma membrane Ca 2+ -ATPases) are abundantly expressed in eukaryotic cells (reviewed in (1, 2) ) and regulate intracellular Ca 2+ homeostasis. PMCAs, along with sarco-/endoplasmatic reticulum Ca 2+ -ATPases, belong to the P-type family of ATPases, which form an aspartyl phosphate intermediate during their reaction cycle (reviewed in (3)). The biochemical properties and structure of PMCAs have been well characterized and were recently reviewed in (1) . Four different genes have been identified (4-10), coding for the four known isoforms and their multiple splice variants (reviewed in (1) 
Western Blotting and Detection of Proteins
Samples were boiled (5 min, 95 °C) in SDS-loading buffer (Biorad), the proteins were 
Vectors and Co-transfection Assays
PMCA4b expression vector has been described previously ( (mono-and polyclonal) precipitated CASK ( Fig. 2 A, B ; lanes 3 and 4, respectively), as did the calmodulin positive control (Fig. 2 A, B ; lanes 2). Polyclonal and monoclonal PMCAspecific antibodies precipitated a CASK-containing complex from rat brain and kidney extracts ( Fig. 2 A, B ; lanes 5 and 6) as did (expectedly) calmodulin coated Sepharose beads (lanes 2 in Fig. 2 A and B) . Use of an irrelevant antibody (polyclonal anti-estrogen receptor β)
in immunoprecipitaion assays did not result in CASK precipitaion (Fig. 2, lanes 1) . In both organ extracts a comparable pattern of precipitation was observed; however, in kidney the interaction seemed to be more prominent and the following experiments were therefore performed with kidney sections or HEK 293 cells. PMCA4b. We did not observe a difference in binding behaviour of isoforms. Both isoforms were capable of precipitating CASK in a similar amount (Fig. 2 C) .
Co-expression of CASK and PMCA in the distal nephron of the rat kidney.
Immunofluorescence staining of rat kidney sections revealed congruent distribution of PMCA and CASK in this organ (Fig. 3 A -C) . To identify the nephron segments in kidney cortex where both proteins are co-expressed, kidney sections were stained for calbindin distribution, (Fig. 3 D -F ) a marker of distal convoluted tubule (31). As in human kidney PMCA (41) and CASK were strongly expressed in the distal convoluted tubules (co-expression with calbindin, Fig. 3 D -F) . In kidney medulla PMCA and CASK are co-expressed in the medullary thick ascending limb, identified by the expression of Tamm-Horsfall protein (32); (data not shown).
PMCA inhibits activity of a T-element regulated reporter vector
Not only is CASK a member of the MAGUK family, thought to be involved in clustering proteins to the membrane, it is also a transcriptional co-factor involved in regulation of Telement containing promoters. We therefore determined whether the interaction of the Ca 2+ -transporting PMCA and the Ca 2+ /CaM-binding protein CASK may have an effect on transcriptional activation of a T-element-containing reporter vector. This was tested using a reporter vector containing two CASK-dependent T-elements in tandem orientation (Fig. 4 A) .
Insertion of the tandem resulted in a 10-fold increase in reporter activity compared to ("empty") control vector, in HEK293 cells after stimulation with a Ca 2+ -ionophore ( -transporting activity (29). CASK protein expression in these cells was not altered by co-transfection (Fig. 4 C) , expression of PMCA4b and mutated PMCA4b was increased as expected and gave similar protein levels after cotransfection (example in Fig. 4 D) .
To make sure that the observed down-regulation of promoter activity was caused by the Ca 2+ pumping activity and not by binding to CASK we tested a constitutively active form of the pump (PMCAct120) lacking the regulatory domain and the C-terminus normally mediating interaction. Compared to the PMCA-mediated reduction of luciferase activity (even in the presence of ionomycin) the PMCAct120 did not reduce reporter luciferase activity suggesting necessity of direct interaction of CASK and PMCA to mediate function (Fig. 4 E) .
not be only a simple Ca 2+ pump, but also a regulator of formation of intracelllular PDZ domain-mediated complexes and/or signal transduction.
Regulation of CASK function by PMCA4b
CASK contains a Ca 2+ /calmodulin-dependent protein kinase II (CaMK II) by PMCA4b overexpression in a dose-dependent manner. This negative regulation was not dependent on conformational change due to PDZ ligand binding but on Ca 2+ depletion in close proximity of the enzyme (16). This also seems to be true for the regulation of CASK. and an E at -3 (numbering according to (43) ) position suggesting a conserved motif. The last 15 amino acids of the hPMCA4b were immobilized to Sepharose beads (+) and used to pull down interacting proteins from various indicated organs. Subsequent Western blots revealed interaction of SAP97 and CASK with the C-terminus of the PMCA4b. Sepharose beads without peptide (-) served as the negative control. Note that interaction with SAP97 is not a prerequisite for binding of CASK to the PMCA C-terminus (e.g. independent binding in kidney, spleen, heart, and skeletal muscle). 
FIGURE LEGENDS
